, a total of 120 patients between one day and 20 years of age underwent surgery for coarctation of the thoracic aorta. Thirty-two patients were below two years of age (group 1) and 88 were above two years (group 3). All patients in group 1 initially had congestive heart failure. Twenty-eight had associated cardiac defects, and 18 had significant pulmonary arterial hypertension (> 50 mm H g ) . Operative deaths occurred only in group 1, all in infanta below five months of age. 20 p e r~e n t .~,~ Late systemic hypertension has been years of age ( group 2 ) . age distribution is in observed in about one-third of the patients8 Table 1. 
20 p e r~e n t .~,~ Late systemic hypertension has been years of age ( group 2 ) . age distribution is in observed in about one-third of the patients8 Table 1 .
The original surgical technique described by Crafoord and Nylinl has remained the standard procedure used widely throughout the world; however, recently, a patch angioplasty of the aorta, as originally described by Vossschulte7 in 1957, has been proposed for routine repair of the coarctati~n.~+~ The advantages of this technique, as advocated by these could provide an improvement in results, especially in infants.
In this communication, we report our experience with coarctation of the aorta in 120 consecutive patients in whom the standard technique of Crafoord and Nylinl has been the treatment of choioe. . . .
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. . . Table 2 ) . Twenty-eight (88 percent) of the patients in group 1 had associated cardiac anomalies. Eighteen of them had pulmonary arterial hypertension, which was systemic in ten patients and higher than 50 mm Hg in the remaining eight. The most frequent associated defect was patent ductus arteriosus, which was encountered in 20 patients (63 percent) of group l. Ventricular septal defect was present in 13 patients, of whom 11 had a large left-bright shunt (ratio of pulmonary to systemic blood flow > 2). Other defects observed were as follows: atrial septal defect, four patients; stenosis of the p h o n a r y veins, two patients; m i d stenosis, two patients; d-transposition of the great arteries, three patients; and 1-transposition of the great arteries, mitral insuEciency, aortic stenosis, partial atrioventricular canal defect, and endocardial fibroelastosis, one patient each (Table 3 ). Only four patients in group 1 did not have associated cardiac defects. Depending on its relation to the ductus arteriosus or the ligamenturn arteriosum, the coarctation was preductal in ten cases, preligamentum in three, juxtaductal in eight, juxtaligamentum in nine, postductal in one and postliagmentum in one ( Fig 1 ) . None of the patients in group 1 underwent surgery for recurrence.
Among the 88 patients over the age of twoyears, absent or decreased femoral pulses were clinical characteristics present in all instances. Moderate or severe hypertension of the arms, as defined later, was present in 70 patients (80 percent); congestive heart failure was present in two patients; and chest pain occurred in three patients. Electrocardiographic abnormalities consistent with left ventricular hypertrophy, left ventricular strain, or left ventricular ischemia were observed in 23 patients (26 percent) ( Table 2) .
Associated cardiac defects were present in 12 patients ( 14 percent) of group 2. Patent ductus arteriosus was encountered in two patients; small ventricular septal defects requiring no treatment were found in three patients; and subaortic stewis, mitral stenosis, and mitrd insufficiency were present in two patients each ( Table 3 ) . None of the patients initially 32 89
'One patienisassigned to both groups FIGURE 1. Location o f coarctation. Incomplete resection
Recurrence previously had undergone resection of the coarctation and end-to-end anastomosis, and one had undergone distal division and aortic reimplantation of the left subclavian artery.
In relation to the duotus a r t e r i m or the ligamentum arteriosum, the coarctation in 12 patients of group 2 was preligamentum, juxtaligamentum in 46 patients, juxtaductal in one patient, postligamenturn in 23 patients; and postductal in one patient. In five reoperated patients, the cuarcted segment had been resected at the first operation ( Fig 1 ) .
from group 1 and 15 from group 2 ) an average of 39 months after surgery (from 2 to 92 months The aperation was performed through a left postemlateral thoracotomy, and the chest was entered through the fourth intercostal space in d but one patient. In the latter, a bilateral sternal transecting incision was used for simultaneous correction of pulmonary venous stenosis. In another patient an adjunctive medial sternotomy was the approach for a concomitant Mustard's procedure. In 119 cases the technique adopted was resection of the coarctation and primary end-to-end anastomosis. The anastomosis was performed using a continuous suture in the posterior wall and interrupted stitches in the anterior wall. In one patient, the 19-year-old boy who had previously undergone distal aortic reimplantation of the l e f t subclavian artery, the coarcted segment was resected and replaced with a woven Dacron tube. Associated cardiac defects were treated simultaneously when indicated. Patent ductus arteriorms was always ligated and divided. Pulmonary arterial banding was performed in six infants with pulmonary arterial hypertension due to a ventricular septal defect. Closed aortic valvotomy, Mustard's operation with repair of ventricular septal defect, and pulrnce nary venous angioplasty were carried out in one patient each. At the time of repair of the coarctation in a nine-month-old male infant with associated complex d-transposition of the great arteries and banded pulmonary artery, the tight pulmonary arterial band was partially released. Follow-up data have been obtained by clinical evaluation in our Cardiology Department in 100 (94 percent) of 107 surviving patients. The mean follow-up period for a l l patients was 41 months (from one month to seven years); for 14 patients in group 1, the mean follow up was 31 months, and for 86 patients in group 2, it was 43 months. Repeated cardiac catheterization was performed in 22 patients (seven severe hypertension (when systolic pressure was more than 150 mm Hg or diastolic pressure was more than 100 mm Hg or both).
~S U L T S
Thirteen operative deaths occurred in the whole series of 120 patients, for an overall operative mortality of 11 percent. All deaths occurred in patients of group 1 who ranged in age from one day to four months at the time of operation. Thus, no deaths occurred among patients aged five months or more. Twelve of the patients who died had concomitant cardiac defects, which included patent ductus arteriosus in 11 patients, associated ventricular septal defect in four patients, atrial septal defect in one patient, both ventricular and atrial septal defects in one patient, d-transposition of the great arteries and ventricular septal defect in one patient, and pulmonary venous stenosis in one patient. Another patient died with atrial septal defect, rnitral stenosis, and endocardial fibroelastosis as anomalies associated with the coarctation.
All of the infants who died were in congestive heart failure before surgery, and 11 of them had severe pulmonary hypertension. Three underwent concomitant pulmonary arterial banding, and two underwent open heart surgery, one for correction of complex d-transposition of the great arteries and the other for pulmonary venous angioplasty (Table  5) .
(loo)$
Nine patients died from heart failure, eight of them within the first 24 hours and one on the third postoperative day. None of these patients had anatomic evidence of residual coarctation at necropsy. Progressive respiratory i n d c i e n c y was the cause of death in two infants 20 and 37 days after surgery. Fourteen days after the coarctation was repaired, one of these two infants had undergone pulmonary arterial banding as palliative treatment of an associated ventricular septal defect. One patient died on the fourth postoperative day from cerebral hemorrhage confirmed at autopsy, and another died from disruption of the anastomosis and exsanguination during the closure of the chest wall.
Major nonfatal complications included bleeding requiring reexploration in two patients (2 percent), pulmonary atelectasis in two patients, and pneumonia, pneumothorax, and wound infection in one patient each. To facilitate prolonged respiratory support, a tracheostomy was performed after surgery in two patients.
One late death occurred one month after correction of the coarctation and release of the pulmonary band in a nine-month-old boy with associated dtransposition of the great arteries and ventricular septal defect. The postoperative course had been smooth, and the patient had recovered fully from surgery, with a good hemodynamic result; however, the patient died from heart failure three days after a Mustard operation for repair of the transposition of the great arteries.
Following correction of the coarctation, three additional patients successfully underwent open heart surgery for associated anomalies ( subaortic stenosis, d-transposition of the great arteries, and ventricular plus atrial septal defects) nine months, one month,, and 11 months, respectively, after their first operation.
Late Results
At late follow up, all but one patient had palpable femoral arterial pulses. One patient, a girl 14 days old, had absent femoral pulses and was severely hypertensive four months after surgery. Because of her stable condition, cardiac catheterization was deferred. This case has to be considered as recurrent or residual coarctation. At cardiac catheterization nine months after surgery, another asymp tomatic infant had a gradient of 18 mm Hg through the area of repair. The remaining 12 infants on whom follow-up information is available (from 1 to 92 months, an average of 31 months) showed no evidence of recurrent or residual coarctation.
All except two of the 33 patients who had normal arterial blood pressures before surgery remained normotensive after surgery. Two patients from the group aged 10 to 15 years had a moderate increase in pressure ( 5 mm Hg) four and 16 months after surgery, respectively, despite clinically successful repair of the coarctation; therefore, these two patients moved to the moderately hypertensive group. All of the severely hypertensive patients (four of them infants) and most of those moderately hypertensive before surgery showed a decrease in pressure values at follow up and had changed to a lower category of pressure ( Fig 2) . The only moderately hypertensive infant (the previously mentioned case of recurrent coarctation ) had moved from the moderately hypertensive to the severely hypertensive group.
The operative mortality in our infant group of patients (group 1) is high, as it is in other series; however, such figures seem to be mainly related to the almost consistently associated cardiac anomalies and to the poor preoperative condition of these patients. Of the 13 infants who died, (41 percent mortality for group I ) , all initially had severe congestive heart failure, 11 had moderate to severe pulmonary hypertension, and 12 had associated cardiac anomalies. Among the deceased infants the incidences of patent ductus arteriosus, pulmonary hypertension, preductal coarctation, and age less than five months were sigdcant (Table 5 ). In one patient, the cause of death could be attributed to technical factors. The infants represent a select group of patients who have a tendency toward rapid clinical deterioration and in whom the operation is often attempted on an emergency basis. The high
COARCTATION OF THE AORTA
Reul and co-workers: can represent a valid alternative. The incidence of early complications has been incidence of deaths in the first weeks or months of life, although explained by the previously mentioned complicating factors, is nevertheless disturbing; however, surgical results have been superior to nonoperative management, even in the infant group"-lS and hence appear to justify surgery. No operative deaths occurred among infants older than four months. These data confirm that surgery can be safely performed when preoperative conditions are less critical and allow even a short delay in treatment. Resection of the coarctation and end-toend anastomosis are preferred by us to patch angioplasty of the aorta. The advantages of avoiding prosthetic materials for the reconstruction and of removing the coarded fibrotic segment of aorta appear to us to outweigh the disadvantages, which consist mainly of a longer procedure because of more extensive mobilization of the aorta and an excessive tension on the suture line in cases of long coarcted segments. Indeed, one of our deaths occurred because of early disruption of the suture line, which, in retrospect, probably could have been avoided with a patch angioplasty. Therefore, in selected cases, the latter technique, as advocated by Vosssch~lte,~ by Moor and co-workers,* and by dealing mainly with an older group of patients, postoperative bleeding was encountered in less than 2 percent of the 120 patients. At late follow-up (obtained in 94 percent of the patients), one cardiac death occurred in an infant following open heart surgery for complex transposition of the great arteries.
Measurements of systemic pressure reveal that at follow up, 19 percent (19) of the patients are hypertensive by the criteria applied. These data do not differ greatly from those reported by Olley15 (24 percent) ; however, among the 99 patients evaluated, only one (the case of recurrent coarctation) continues to have severe hypertension. Eighteen patients (one from group l ) are moderately hypertensive an average of 36 months after surgery (range, 3 to 69 months). Of these patients, four (all from group 2) had slight (three patients) or moderate hypoplasia of the isthmus. Eighty patients (81 per cent) were normotensive after surgery, a remarkable improvement as compared to the 33 who were normotensive before surgery (Fig 2) . The findings are consistent with the salutary effects of resection of coarctation on hypertension reported by Simon and Zloto16 and are in contrast with the experience of Maron and co-worker^,^ which, however, was obtained in an older group of patients. Recurrent or residual coarctation, seen in only one infant in our series, has not been a major late complication; however, after surgery, one patient from group l and three from group 2 had blood pressure readings that were slightly higher in the upper than in the lower extremities ( > 20 mm Hg ) .
In conclusion, repair of coarctation of the aorta beyond early infancy is associated with a very low surgical risk and morbidity. Late results also justify a reasonable confidence in the surgical treabent. Although there is a high mortality in infants in the first months of life because of the associated cardiovascular anomalies, surgical repair is nevertheless indicated because of an even higher risk with nonsurgical management. It has been reported that patients with corrected coarctation have an elevated incidence of cardiovascular death, especially when surgery is performed after the age of 25 years. These and other observations, such as lower operative risk and morbidity, urge early correction in childhood.
